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Abstract 

Background:  Smoking among cancer survivors can increase the risk of cancer reoccurrence, reduce treatment 
effectiveness and decrease quality of life. Cancer survivors without health insurance have higher rates of smoking 
and decreased probability of quitting smoking than cancer survivors with health insurance. This study examines the 
associations of the Affordable Care Act (ACA) Medicaid insurance expansion with smoking cessation assistance and 
quitting smoking among cancer survivors seen in community health centers (CHCs).

Methods:  Using electronic health record data from 337 primary care community health centers in 12 states that 
expanded Medicaid eligibility and 273 CHCs in 8 states that did not expand, we identified adult cancer survivors 
with a smoking status indicating current smoking within 6 months prior to ACA expansion in 2014 and ≥ 1 visit with 
smoking status assessed within 24-months post-expansion. Using an observational cohort propensity score weighted 
approach and logistic generalized estimating equation regression, we compared odds of quitting smoking, having 
a cessation medication ordered, and having ≥6 visits within the post-expansion period among cancer survivors in 
Medicaid expansion versus non-expansion states.

Results:  Cancer survivors in expansion states had higher odds of having a smoking cessation medication order 
(adjusted odds ratio [aOR] = 2.54, 95%CI = 1.61-4.03) and higher odds of having ≥6 office visits than those in non-
expansion states (aOR = 1.82, 95%CI = 1.22-2.73). Odds of quitting smoking did not differ significantly between 
patients in Medicaid expansion versus non-expansion states.

Conclusions:  The increased odds of having a smoking cessation medication order among cancer survivors seen in 
Medicaid expansion states compared with those seen in non-expansion states provides evidence of the importance 
of health insurance coverage in accessing evidence-based tobacco treatment within CHCs. Continued research is 
needed to understand why, despite increased odds of having a cessation medication prescribed, odds of quitting 
smoking were not significantly higher among cancer survivors in Medicaid expansion states compared to non-expan‑
sion states.
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Introduction
Approximately 30% of cancer deaths in the United States 
(US) are caused by tobacco use and smoking [1]. Smok-
ing among cancer survivors can increase the risk of can-
cer reoccurrence, reduce treatment effectiveness and 
survival time, and decrease quality of life [2]. Conversely, 
quitting smoking after a cancer diagnosis is associated 
with greater response to cancer treatment and reduced 
risk of other health conditions (e.g., heart disease, 
chronic obstructive pulmonary disease, stroke) [3]. The 
2020 US Surgeon General’s report on smoking cessation 
suggests that quitting smoking after a cancer diagnosis 
can significantly reduce all-cause mortality relative to 
continued smoking [4].

A study using data from the 2017 National Health 
Interview Survey (NHIS) found 13% of adult cancer sur-
vivors reported current smoking [5] and approximately 
44% of cancer survivors who previously smoked quit 
after cancer diagnosis. Indeed, cancer survivors are less 
likely to currently smoke and are more likely to report 
former smoking than those with no history of cancer [6]. 
A 2000-2017 national US study found higher probabil-
ity of reporting a smoking cessation event after cancer 
diagnosis among cancer survivors who are older, those 
diagnosed as having a smoking-related cancer (vs. non-
smoking-related), individuals with an undergraduate 
degree or a postgraduate degree (vs. high school diploma 
or GED), and individuals with obesity. Individuals living 
below the federal poverty level (FPL) have a lower proba-
bility of reporting a smoking cessation event after cancer 
diagnosis than those living above the FPL [7].

Cancer survivors without health insurance have higher 
rates of smoking and decreased probability of quitting 
smoking than cancer survivors with insurance [8–10]. 
A study using the NHIS from 2008 through 2017 data 
found a decreasing trend in smoking rates for cancer 
survivors with private insurance (17% in 2008/2009 to 
12% in 2016/2017). This same study reported strikingly 
higher rates of smoking among uninsured cancer survi-
vors across this time period, with 43% reporting current 
smoking in both 2008/2009 and 2016/2017 [11]. An ear-
lier study using data from the 2009 Behavioral Risk Fac-
tor Surveillance System survey (ages 18-64) reported 
similar findings, with 41% prevalence of smoking among 
cancer survivors who did not have health insurance com-
pared to 20% among those with health insurance. Fur-
ther, uninsured cancer survivors had 2-fold greater odds 
of not quitting smoking compared to those with health 

insurance [10]. Therefore, insurance coverage could play 
a role in increasing access to smoking cessation assis-
tance and increased cessation among cancer survivors.

The Patient Protection and Affordable Care Act (ACA) 
mandate called for the expansion of Medicaid cover-
age (the US public health insurance program for people 
with low incomes) to all adults earning less than or equal 
to 138% of the federal poverty level (FPL). Following a 
Supreme Court ruling, states were allowed to choose 
whether or not to expand Medicaid. As of February 2022, 
39 states had adopted the Medicaid expansion and 12 
states had not [12].

The ACA mandate also required that insurers cover 
certain preventive services, including smoking cessa-
tion interventions, with no cost sharing for newly eligible 
Medicaid beneficiaries in states that expanded Medicaid 
[13]. This provided the opportunity to have evidence-
based tobacco treatment included as a covered benefit for 
millions of adult smokers not eligible for Medicaid pre-
expansion [14]. Findings are mixed from studies examin-
ing the impact of the ACA on smoking-related outcomes 
among populations not limited to cancer survivors [15–
21]. We are not aware of any studies that assessed smok-
ing cessation assistance and quitting smoking among 
cancer survivors after the implementation of the ACA.

Therefore, this retrospective observational cohort study 
sought to examine the odds of smoking cessation assis-
tance and cessation among cancer survivors who were 
patients of community health centers (CHCs) in states 
that expanded Medicaid via the ACA compared to those 
in non-expansion states. CHC settings are important 
to study given that they provide primary care services, 
including smoking cessation services, to many uninsured 
or Medicaid-insured patients with higher rates of smoking 
than the general population [22, 23]. National quality per-
formance data show that CHCs have high rates of assess-
ing and treating tobacco use among their patients [24, 25]. 
We tested the hypotheses that cancer survivors in ACA 
expansion states who reported current smoking prior to 
the ACA expansion would have higher odds of smoking 
cessation, higher odds of having a cessation medication 
ordered, and increased primary care utilization post-ACA 
compared to those in non-expansion states.

Methods
Data sources
We used electronic health record (EHR) data from the 
Accelerating Data Value Across a National Community 
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Health Center Network (ADVANCE) Clinical Research 
Network (CRN) [26], a member of PCORnet. The 
ADVANCE CRN’s data warehouse integrates outpatient 
EHR data from several data networks. This study used 
data from OCHIN (not an acronym) and Health Choice 
Network (HCN).

Study setting and population
In this observational cohort study, we included 337 pri-
mary care CHCs across 12 states that expanded Medic-
aid eligibility to ≤138% of the FPL for all adults including 
those without dependent children as of 1/1/2014 (Cali-
fornia, Hawaii, Massachusetts, Maryland, Minnesota, 
New Mexico, Nevada, Ohio, Oregon, Rhode Island, 
Washington, and Wisconsin) and 273 CHCs in 8 non-
expansion states (Alaska, Florida, Indiana, Kansas, Mis-
souri, Montana, North Carolina, and Texas). We included 
Wisconsin as an expansion state because it opened Med-
icaid coverage to adults earning up to 100% of the FPL 
(near the threshold of ≤138% of the FPL). We included 
Alaska, Indiana, and Montana as non-expansion states 
because they did not expand Medicaid until late in our 
post-ACA study period (expanded 9/1/2015, 2/1/2015, 
and 1/1/2016 respectively). Our designation of states as 
expansion vs. non-expansion are similar to other studies 
assessing the impact of the ACA on health care outcomes 
and utilization [6, 17, 27–29].

We assessed patients 12 months pre-ACA (1/1/2013-
12/31/2013) and 24 months post-ACA Medicaid expan-
sion (1/1/2014-12/31/2015). We identified cancer 
survivors through their medical histories, encounter 
diagnoses, and problem-list records up to the date of 
their last pre-ACA visit. We included cancer survivors 
aged 19-64 throughout the entire study period, who 
had ≥1 pre-ACA visit to a study CHC and whose last 
recorded tobacco use status during this time period indi-
cated current smoking (e.g., current every day, current 
some-day, heavy), and who had ≥1 post-ACA visit with 
a documented smoking assessment. Based on the US 
National Cancer Institute’s definition, we consider a can-
cer survivor to be anyone alive who has ever had a can-
cer diagnosis regardless of where they are in the course of 
their disease [30]. We excluded pregnant women as rates 
of care utilization and cessation treatment recommenda-
tions differ for this subgroup.

Variables
Primary outcomes
Outcomes included quitting smoking (≥1 report of 
quitting), provision of smoking cessation medication 
(≥1 prescription of a cessation medication) and utiliza-
tion of primary care (≥6 vs. < 6 visits) in the 24-month 
post-period. The EHR presents a discrete data field for 

smoking status at each primary care encounter, which 
can be confirmed, updated, or not reviewed. Smoking 
cessation (‘quit’) at ≥1 visit during the post-period was 
coded as a binary yes/no variable. Using methods similar 
to prior EHR-based studies [31–35], a person was identi-
fied as ‘quit’ if there was at least one measurement docu-
mented in the post-period that indicated the patient’s 
status changed from one indicating current smoking to 
one indicating former smoking (regardless of whether the 
patient had a subsequent status that indicated a return 
to smoking). For smoking cessation medication provi-
sion, we extracted orders for bupropion, varenicline, and 
all nicotine replacement products from EHR medication 
orders. As a proxy for utilization of care, we extracted 
data on the number of post-period office visits per patient 
(≥6 vs. < 6 visits) based on previous studies [31, 36].

Independent variable
Our independent variable was Medicaid expansion sta-
tus: patients from CHCs in states that expanded versus 
did not expand.

Patient characteristics
To describe patients living in expansion and non-
expansion states and to develop weights to control for 
differences in expansion groups, we used the follow-
ing, EHR-derived pre-ACA covariates: sex, age as of 
1/1/2014, race/ethnicity (Hispanic, non-Hispanic white, 
Non-Hispanic black, Non-Hispanic other, Missing), 
household income as percent of FPL as of 1/1/2014, loca-
tion of patient’s primary clinic (urban/rural), number of 
ambulatory visits in 2013, insurance status at visits in 
2013 (all private insurance; all or some visits with pub-
lic insurance; discontinuously insured; all uninsured), 
and the Charlson Comorbidity Index [37]. We excluded 
both cancer and depression diagnosis from the Charlson 
Comorbidity Index since all patients in the study were 
cancer survivors and we included depressive disorders 
as a separate variable in our model since bupropion can 
be used for both depressive disorders and as a smoking 
cessation aid. We excluded 19 patients who were missing 
clinic location data.

Analysis
To analyze whether cancer survivors in expansion states 
who reported current smoking prior to the ACA expan-
sion would have better smoking cessation outcomes than 
those in non-expansion states, we used a propensity 
score (PS) weighted approach.

Propensity score weighting
We calculated inverse probability of treatment 
weights (IPTW) to control for differences in pre-ACA 
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patient-level characteristics between the expansion and 
non-expansion groups. In this approach, patients are 
weighted by the inverse of the probability of being sam-
pled from the treatment (i.e., expansion) group. We first 
fit a logistic regression model for expansion status includ-
ing all patient characteristics described above as covari-
ates, to obtain each patient’s PS or probability of being in 
an expansion state. We then calculated stabilized IPTWs 
to create a pseudo-population close to our original 
sample size. To assess balance before and after weight-
ing, we computed standardized differences, as they are 
not unduly influenced by sample sizes. We considered 
covariates with absolute standardized mean differences 
(ASMD) ≤0.1 in the weighted sample to be free of resid-
ual imbalance that would influence final models. We cal-
culated effective sample size, which was the approximate 
number of observations under simple random sampling 
that would produce a variation equivalent to that of the 
IPTW sample.

Generalized estimating equation logistic regression
Using the PS-weighted sample, we computed adjusted 
odds ratios (aOR) and predicted marginal probabilities of 
quitting smoking, having a cessation medication order, or 
having ≥6 ambulatory visits in the post-period. We used 
generalized estimating equation (GEE) logistic regres-
sion models to account for clustering of patients within 
CHCs. To account for potential differences in data han-
dling, we included EHR network (i.e. OCHIN vs. HCN) 
as the only covariate in our GEE models. All GEE mod-
els assumed an exchangeable correlation structure and 
applied a robust sandwich variance estimator to account 
for possible misspecification [38]. All analyses were con-
ducted using SAS v9.3. The study was approved by the 
Oregon Health & Science University Institutional Review 
Board.

Results
Table  1 displays the patient characteristics in Medicaid 
expansion and non-expansion states, before and after PS 
weighting. Our final sample included 476 cancer survi-
vors from non-expansion states and 2441 from expan-
sion states. The majority of our study sample were older 
(50-64 years of age), female, non-Hispanic white, pub-
licly insured or uninsured, seen in urban clinics, and had 
multiple comorbidities. After IPTW, the characteristics 
of patients in expansion versus non-expansion states 
were well balanced. IPTW adjusted rates for quit status, 
smoking cessation medication orders, and ≥ 6 visits over 
24 months in the overall study sample were 15.5, 28.5 and 
59.2%, respectively.

Figure 1 presents aORs for our study outcomes as esti-
mated by the GEE models. Table  2 also displays aORs, 

as well as predicted probabilities. Patients in expansion 
states had 2-fold greater odds of having a smoking ces-
sation medication order (aOR = 2.54, 95% CI = 1.61-
4.03), and 82% higher odds of having ≥6 visits than 
cancer survivors in non-expansion states (aOR = 1.82, 
95%CI = 1.22-2.73). Patients in expansion states had 
a non-significant elevation in odds of quitting smok-
ing compared to patients from non-expansion states 
(aOR = 1.82, 95%CI = 0.84-3.95).

Discussion
The ACA expansion resulted in health insurance cover-
age for millions of US adults not previously Medicaid-eli-
gible [14]. In the 24-months post-ACA expansion, cancer 
survivors from Medicaid expansion states had signifi-
cantly higher odds of having a smoking cessation medica-
tion ordered and more primary care visits compared with 
those in non-expansion states. Research shows increased 
use of cessation treatments when out-of-pocket costs 
for these services are reduced or eliminated [39]; thus, 
removing cost-sharing among patients eligible via Med-
icaid expansion likely resulted in the higher rates of 
medication use. Insurance coverage also likely led to the 
increased visits among patients in Medicaid expansion 
states, which could have resulted in more opportunities 
to assess tobacco use and assist patients in quitting.

Despite these increased odds of smoking cessation 
medication orders among cancer survivors in expan-
sion versus non-expansion states, we did not observe 
statistically significant differences in odds of quitting. 
These findings are in contrast to those of a previous 
study that found higher odds of quitting smoking among 
adult patients of CHCs in expansion states compared 
with those in non-expansion states; however, this prior 
study included the entire patient population and suba-
nalyses for cancer survivors were not performed [20]. 
We postulate potential reasons for this finding. While the 
adjusted odds of quitting were higher for those in Med-
icaid expansion states (aOR = 1.82, 95%CI = 0.84-3.95), 
the lack of statistical significance could be due to low cell 
counts of those who quit, as shown in the wide confi-
dence intervals.

It also is possible that current smoking cessation inter-
ventions, including pharmacotherapy, may not be as 
effective among cancer survivors compared to patients 
without a history of cancer. One meta-analysis of rand-
omized controlled trials designed to promote smoking 
cessation among cancer survivors supports this con-
clusion; however, the quality of the included interven-
tions was mixed and the authors caution in drawing 
firm conclusions based on the present evidence [40]. 
It also might be that cancer survivors need more inten-
sive, tailored treatment to increase their odds of quitting 
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smoking. Cancer survivors are more likely to experi-
ence poorer mental health than patients without cancer, 
including fear of cancer recurrence [41–43], which could 
impact smoking cessation outcomes [44, 45]. Given the 

association between smoking and negative affect, some 
cancer survivors might benefit from medications to treat 
the physical dependence, as well as more intensive or 
longer-term counseling to address the unique concerns 

Table 1  Patient characteristics as of 1/1/2014 (unless otherwise noted) among cancer survivors in Medicaid expansion and non-
expansion states, before and after inverse probability of treatment weighting

Charlson Comorbidity Index value calculated without cancer or depression components

ESS effective sample size, ASMD absolute standardized mean difference, FPL federal poverty level

Characteristic Original Sample Propensity-weighted Sample

Non-Expansion Expansion Non-Expansion Expansion

(n = 476) % (n = 2441) % ASMD (ESS = 471.32) % (ESS = 2439.85) % ASMD

Age group 0.1068 0.0319

  18-39 9.2 11.8 11.7 11.4

  40-49 19.5 20.9 21.0 20.7

  50-64 71.2 67.4 67.3 67.9

Sex 0.0524 0.0743

  Female 64.5 67.0 70.2 66.8

  Male 35.5 33.0 29.8 33.2

Race/ethnicity 0.5032 0.0547

  Hispanic 9.7 5.7 6.3 6.4

  Missing 4.6 3.2 4.3 3.4

  Non-Hispanic Black 23.1 8.3 10.6 10.6

  Non-Hispanic Other 1.5 2.4 2.2 2.3

  Non-Hispanic white 61.1 80.5 76.7 77.4

FPL % 0.3538 0.0742

   ≤ 138% 74.8 65.6 69.6 67.2

   > 138% 14.1 9.8 10.4 10.4

  missing 11.1 24.7 20.0 22.4

Insurance status in 2013 0.1108 0.0960

  Continuous Private 9.7 7.3 7.2 7.7

  Continuous or Some Public 53.2 56.0 58.0 55.5

  Continuous Uninsured 24.6 25.4 22.1 25.2

  Discontinuously Insured 12.6 11.3 12.7 11.6

Ambulatory visits in 2013 0.1888 0.0502

  1 10.9 14.7 12.9 14.0

  2-3 31.3 26.0 28.7 26.9

  4-6 32.6 28.9 30.2 29.5

   > 6 25.2 30.4 28.3 29.5

Urban/rural clinic location 0.236 0.0143

  Urban 80.3 88.7 88.0 87.6

  Rural 19.8 11.3 12.0 12.4

Charlson Comorbidity Index 0.0781 < 0.0001

  0 to 1 17.2 18.3 17.9 18.1

  2 to 3 22.7 19.8 20.1 20.3

  4 to5 29.2 31.4 31.3 30.9

   > 5 30.9 30.6 30.8 30.6

Depressive disorder 0.2187 0.0013

  Yes 76.7 66.9 68.6 68.5

  No 23.3 33.1 31.4 31.5
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and stressors of cancer survivors. A recent intervention 
study demonstrated that integrating evidence-based, sus-
tained tobacco treatment (which included long-term tel-
ephone counseling) into the care of patients with cancer 
around the time of diagnosis can be effective [46]. Con-
tinued research is needed to identify and test smoking 
cessation interventions among cancer survivors, espe-
cially those in underserved communities.

The importance of CHCs for smoking cessation assis-
tance among cancer survivors should also be highlighted. 
In the overall study sample, 30% of cancer survivors 
received smoking cessation medications from their CHC. 

The American College of Surgeons emphasizes that pro-
viding a high level of quality care to cancer survivors 
requires coordination of care among many medical dis-
ciplines, including primary care providers [47]. Much 
recent work has focused on increasing tobacco treatment 
in oncology settings, with cancer centers across the coun-
try receiving funds through the National Cancer Insti-
tute Cancer Moonshot Initiative to support this work 
[48]. While progress has been made in the oncology set-
ting, reach has remained low [48]. Further, many patients 
return to primary care clinics rather than continue to 
receive ongoing care from cancer centers once treatment 

Fig. 1  Adjusted odds ratios for quit status, smoking cessation medication ordered and ≥ 6 visits over 24 months comparing Medicaid expansion vs. 
non-expansion states (reference group) among cancer survivors. Note: OR: odds ratio; LCL: lower 95% confidence limit; UCL: upper 95% confidence 
limit. Results based on propensity score weighted logistic generalized estimating equation regression accounting for the following covariates: 
sex, age as of 1/1/2014, race/ethnicity, household income as percent of federal poverty level as of 1/1/2014, rurality/urbanity of patient’s primary 
clinic, number of ambulatory visits in 2013, insurance status in 2013, Charlson Comorbidity Index excluding cancer and depression as of 1/1/2014; 
depressive disorder as of 1/1/2014

Table 2  Predicted probabilities and adjusted odds ratios for quit status, smoking cessation medication ordered and ≥ 6 visits over 
24 months comparing Medicaid expansion vs. non-expansion states (reference group) among cancer survivors

CI confidence intervals, aOR adjusted odds ratios, ref reference group

Predicted Probability 95% CI aOR 95% CI

Lower Upper Lower Upper

Quit Attempt
  Expansion 0.145 0.126 0.167 1.824 0.843 3.948

  Non-expansion 0.085 0.044 0.158 ref ref ref

Quit Med Ordered
  Expansion 0.308 0.2816 0.336 2.544 1.606 4.029

  Non-expansion 0.149 0.1032 0.210 ref ref ref

≥6 Office Visits
  Expansion 0.611 0.5855 0.636 1.823 1.216 2.733

  Non-expansion 0.463 0.3742 0.554 ref ref ref
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is complete [49–51]. Some consider, not only the diag-
nosis of cancer [3], but also the time period after active 
treatment to be a “teachable moment” (e.g., the time 
frame following a health event in which a patient is most 
conducive to behavioral changes) when cancer survivors 
might be focused on reducing the likelihood of cancer 
recurrence. This could lead to increased quit attempts 
[52]. Primary care clinics have the opportunity to address 
smoking cessation during this critical time. CHCs, the 
majority of which also have behavioral health services 
onsite [53], and insurance coverage are critical resources 
to ensure access to comprehensive treatment for smoking 
among this high-risk population.

Limitations
We had follow-up smoking status for patients who had 
a return clinic visit, and therefore, cannot determine 
the quit status of patients who did not return for vari-
ous reasons (e.g., transferred to another clinic, death). 
That said, a previous study found that about 80% of 
CHC patients with a chronic health problem return for 
≥1 visit within a three-year period [54]. We also did not 
have detailed information on quit attempts, such as how 
long the patient remained quit or when the patient quit 
in relation to date of cancer diagnosis. Some evidence 
shows that quit attempts decline as the time since diag-
nosis increases [55]. We were unable to examine cessa-
tion by type of cancer as some counts were low or type 
of cancer was missing. Research suggests that smoking-
related cancer survivors have higher current smoking 
prevalence [5, 56] and that odds of quitting smoking after 
a cancer diagnosis may vary by whether the person is a 
survivor of a smoking- or non-smoking-related cancer [5, 
57]. We might not have captured use of nicotine replace-
ment therapy that does not require a prescription. We 
also were unable to assess if bupropion was prescribed 
for smoking cessation or depression; however, all patients 
in the study sample reported current smoking and our 
models controlled for depressive disorders. We also only 
had access to medication orders, not receipt and/or use 
of the medications. We could not assess the impact of 
Medicaid expansion on the provision of cessation coun-
seling among this population as these data were una-
vailable. While we were able to balance groups based on 
some known correlates of being uninsured and/or smok-
ing (e.g., % of FPL, depressive disorders, race and ethnic-
ity, clinic rurality, baseline assess to care), we were unable 
to control for all potential confounders, including state-
level factors such as tobacco-related policies. Finally, due 
to use of diagnoses codes and problem lists to identify 
cancer survivors and only moderate agreement between 
CHC EHRs and cancer registries [49], some cancer survi-
vors were likely not identified.

Conclusions
Cancer survivors in ACA Medicaid expansion states had 
more than twice the odds of having a smoking cessation 
medication prescribed compared with those from non-
expansion states, providing evidence of the importance of 
insurance coverage in accessing evidence-based tobacco 
treatment within the CHC setting. Our study findings 
support the need for continued efforts to ensure health 
insurance coverage for primary care-based tobacco treat-
ment for socioeconomically disadvantaged cancer sur-
vivors. Further, research is needed to understand why, 
despite increased odds of having a cessation medication 
prescribed, odds of quitting were not significantly higher 
among cancer survivors in Medicaid expansion states. If 
our findings are replicated, interventions tailored to the 
specific needs of cancer survivors might be warranted.
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